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(57) A sphygmomanometer includes a compression 
cuff (1 1 ) for pressing the artery of an object to be exam- 
ined, a measurement cuff (12) formed inside the com- 
pression cuff (1 1 ) and set in close contact with a portion 
to be measured to detect a oscillation of the artery wall 
caused by arterial pulsation when the cuff pressure 
changes, and a pressure sensor (1 6) for measuring the 
pressure of the measurement cuff (12). This sphyg- 
momanometer detects peaks of the oscillation from a 
oscillation signal detected by the measurement cuff 
(12), and determines the systolic blood pressure by us- 
ing a plurality of pieces of peak information detected. To 
prevent the transmission of oscillations from the com- 
pression cuff (11) to the measurement cuff (12), a cuff 
of this invention includes, on the contact surface be- 
tween the measurement cuff and the compression cuff, 
a cushioning material formed on the side of the com- 
pression cuff to absorb oscillations, and a rigid body 
formed on the side of the measurement cuff to reflect 
oscillations. An air chamber (damper cuff) (15) and a 
tubule (14) are formed in a connecting portion between 
the measurement cuff and the compression cuff. A cush- 
ioning material (1 3) is placed on that contact surface be- 
tween the compression cuff and a portion to be meas- 
ured, which is in a blood vessel upstream portion of the 
measurement cuff. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a sphyg- 
momanometer for measuring the blood pressure on the 
basis of changes in oscillations of the artery wall which 
are caused by arterial pulsation resulting from changes 
in the cuff pressure and, more particularly, to a sphyg- 
momanometer and cuff characterized in a systolic blood 
pressure determination method. 

BACKGROUND OF THE INVENTION 

[0002] An apparatus for measuring the systolic blood 
pressure of the person to be examined is used as fol- 
lows. An arm band, i.e., a cuff is wound on the arm or 
wrist of the person to be examined, and this cuff is first 
pressurized to a pressure value well exceeding the 
systolic blood pressure to close the artery and stop the 
blood flow. Then, the cuff pressure is gradually reduced, 
and the sounds, (so-called Korotkoff sounds, K-sounds) 
generated when the stopped blood again starts flowing, 
are listened to. The cuff pressure at which the first sound 
is heard is regarded as the systolic blood pressure. This 
method is called auscultatory method. The method is 
simple and can detect the generation of blood flow rel- 
atively accurately, albeit indirectly. Hence, the method 
is in widespread use. 

[0003] Unfortunately, this method requires a micro- 
phone to detect the Korotkoff sounds. Since this micro- 
phone readily picks up ambient noises and cuff scratch 
noises produced by body movement of the person to be 
examined, detection errors often occur. . 
[0004] An oscillometric method is known for use with 
an apparatus not using a microphone. In this method, a 
pulsewave generated from the artery is detected by con- 
tinuously measuring the internal pressure of the cuff, 
and the systolic blood pressure is measured from the 
amplitude of this pulsewave. 

[0005] Compared to the auscultatory method, the os- 
cillometric method is not easily influenced by ambient 
noises and cuff cloth scratch poises, because no micro- 
phone is necessary. However, this oscillometric method 
cannot detect the moment of opening of the closed ar- 
tery. Therefore, a statistical method as disclosed in Jap- 
anese Patent Publication No. 61-40416 is used. In this 
method, the maximum value of the obtained amplitudes 
is detected, and the cuff pressure when the amplitude 
value is 1/2 this maximum value is regarded as the 
systolic blood pressure. 

[0006] The following methods are also used instead 
of the above oscillometric method. That is, a light-emit- 
ting/light-receiving element sensor which uses attenua- 
tion caused by the absorption and reflection of infrared 
light by the blood flow is placed on the skin of a periph- 
eral portion of a human body, such as a finger, where 
the artery is present near the skin surface, and the gen- 
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eration of blood flow is detected by this sensor. Also, an 
ultrasonic method detects the generation of blood flow 
by oscillations of the blood vessel wall by ultrasonic 
waves, by using an ultrasonic sensor in place of the 
s light-emitting/light-receiving element sensor. In each of 
these methods, the moment of resumption of the 
stopped blood flow is detected by the detected value of 
the sensor, and the cuff pressure at that moment is re- 
garded as the systolic blood pressure. 
10 [0007] Unfortunately, a statistical method such as the 
oscillometric method ignores differences between indi- 
viduals. Therefore, errors can occur by variations 
caused by these individual differences, or by those var- 
iations in the measurement conditions which are caused 
15 by the generation of pulsewave, e.g., the cuff size, the 
cuff air volume which is affected by the way the cuff is 
wound, and the depressurization speed. 
[0008] Also, a method of detecting the moment of re- 
sumption of the blood flow by an optical element sensor 
20 or an ultrasonic sensor is applicable only to blood ves- 
sels present near the skin surface. Hence, no satisfac- 
tory performance can be obtained from a portion, such 
as the upper arm, where a blood vessel runs depth in a 
living body Additionally, the sensor element must be ac- 
25 curately set close to a blood vessel near the skin sur- 
face. Therefore, if the cuff is attached in a wrong man- 
ner, accurate measurement cannot be performed. This 
sometimes makes accurate systolic blood pressure 
measurement impossible. 
30 [0009] Japanese Patent Laid-Open No. 63-150051 
disclosed a sphygmomanometer having a small cuff 
dedicated to pulsewave detection, placed on the periph- 
eral side below a large cuff that is exclusively used to 
stop the blood flow. This small cuff detects a pulsewave, 
35 generated by the blood flow, which has a frequency 
component lowerthan those of the K-sounds, as a pres- 
sure change, instead of detecting the K-sounds having 
frequency components overlapping the frequency of ex- 
ternal noises, such as cuff cloth scratch noises, which 
40 is a drawback of the auscultatory method. 

[0010] The signal detected by this small cuff is similar 
to the signal detected by the oscillometric method. The 
signal can be detected even if an artery of interest does 
not run near the skin surface or even if the cuff is not 
45 accurately positioned on an artery of Interest. Hence, 
the method using this small cuff is superior In operabllity 
to the method using the optical element sensor and the 
ultrasonic method. 

[0011] This small cuff can detect the moment of re- 
50 sumption of the blood flow. However, since the small cuff 
is placed on the cuff peripheral side of the large cuff, the 
detected signal is small if the pulse is weak, so accurate 
measurement cannot be performed. 
[0012] Also, to detect a signal only from this small cuff, 
55 a tubule for damping a signal detected by the large cuff 
is inserted between the large cuff and a sensor. If this 
tubule is too small, a pressure difference is produced 
between the sensor and the large cuff depending on the 
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depress urizati on speed of the cuff. So, the inner diam- 
eter of the tubule can be decreased only to a certain 
extent. Consequently, the influence of the detected sig- 
nal from the large cuff cannot be completely eliminated. 
This lowers the accuracy of detection of the resumption s 
of blood flow. 

[001 3] Additionally, the detection of the diastolic blood 
pressure has the following drawback. That is, the fre- 
quency of the signal detected by the small cuff is lower 
than those of the K-sounds, so the K-sounds cannot be 10 
accurately detected. Accordingly, the Korotkoff s five- 
phase as the disappearing point of the K-sounds cannot 
be well detected. This makes it impossible to measure 
the diastolic blood pressure with probability equivalent 
to that of the auscultatory method. * 5 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to pro- 
vide a sphygmomanometer having a systolic blood 20 
pressure determination method which is clear and ac- 
curate in principle, which is applicable to a portion, such 
as the upper arm, where a blood vessel runs depth in a 
living body, and which produces variations little by indi- 
: vidual differences or measurement conditions. .. 25 
[0015] It is another object of the present invention to 
provide a sphygmomanometer having high-sensitivity 
systolic blood pressure measurement capability and di- 
astolic pressure detection capability by which the point 
of resumption of the blood flow can be detected with high 30 
sensitivity in a system which uses two cuffs, namely, 
large and small cuffs. 

[0016] It is still another object of the present invention 
to provide an electronic sphygmomanometer and its cuff 
capable of preventing easy absorption of puisewave os- 35 
dilations (oscillations caused by arterial pulsation) by 
the use of a compression cuff and measurement cuff, 
and also capable of measuring an accurate blood pres- 
sure value by aligning a measurement portion with a 
blood stopped portion by placing the measurement cuff 40 
in a cuff central portion where the pressing force of the 
large compression cuff is large. 

[0017] It is still another object of the present invention 
to provide a sphygmomanometer and its cuff capable of 
measuring an accurate blood pressure value by insulat- 45 
Ing oscillations caused by arterial pulsation, which, even 
though the blood flow in a central portion is stopped, are 
transmitted to a measurement cuff from the outside, par- 
ticularly from a cuff upstream portion where the pressing 
force of a compression cuff is small. so 
[0018] To solve the above problems, the present in- 
vention includes the following arrangements. 
[0019] A sphygmomanometer of the present inven- 
tion is characterized by comprising a compression cuff 
for pressing the artery of a person to be examined, os- ss 
dilation detecting means formed inside the compres- 
sion cuff and set in close contact with- a portion to be 
measured to detect a oscillation of the artery wall 



caused by arterial pulsation when the cuff pressure 
changes, peak detecting means for detecting peaks of 
the oscillation from a oscillation signal detected by the 
oscillation detecting means, and blood pressure deter- 
mining means for determining the systolic blood pres- 
sure by using a plurality pieces of peak information de- 
tected by the peak detecting means. 
[0020] This sphygmomanometer further comprises a 
time measurement unit for measuring the time from the 
rise of the oscillation (wave form) to the peak detected 
by the peak detecting means, and a comparator for com- 
paring the time measured by the time measurement unit 
with a predetermined time, wherein the plurality of piec- 
es of peak information are selected in accordance with 
an output from the comparator. 

[0021] The blood pressure determining means deter- 
mines the systolic blood pressure on the basis of a value 
obtained by comparing the peak values (magnitudes) 
and/or the amplitude values (magnitudes) and/or the 
phase differences between a plurality of peaks detected 
by the peak detecting means. 

[0022] A sphygmomanometer of the present inven- 
tion which comprises a cuff and which measures blood 
pressure on the basis of a change in oscillation of the 
-artery wall, caused by arterial pulsation when the cuff .- 
pressure changes, is characterized in that the cuff com- 
prises a compression cuff for pressing a blood vessel, 
and a measurement cuff which is placed in substantially 
the center of the compression cuff in a direction in which 
a blood vessel to be pressured by the compression cuff 
runs, and which measures the oscillation, and the meas- 
urement cuff is smaller than the compression cuff and, 
when a blood pressure is to be measured, the measure- 
ment cuff is covered with the compression cuff so that 
the measurement cuff comes in close contact with a por- 
tion to be measured. 

[0023] That is, in substantially the center of the inside 
of the compression cuff (to be also referred to as a large 
cuff) where the blood flow is stopped, the puisewave 
measurement cuff (to be also referred to as a small cuff) 
which detects blood flow generated when the cuff pres- 
sure is gradually reduced from the blood stopped state 
as a pressure change is placed. A pressure sensor for 
sensing the cuff pressure and a puisewave is connected 
to the small cuff by an air tube. The large cuff is con- 
nected to this pressure sensor via an acoustic filter In 
order to attenuate pulsewaves detected by the large 
cuff. This acoustic filter comprises a tubule and air tank 
and passes only a DC component of the large cuff pres- 
sure. 

[0024] The cuff comprises first oscillation insulating 
means for preventing the transmission of oscillations 
from the compression cuff to the measurement cuff. This 
first oscillation insulating means comprises a first oscil- 
lation insulating mechanism formed on the contact sur- 
face between the measurement cuff and the compres- 
sion cuff. The first oscillation insulating mechanism 
comprises an elastic material formed on the side of the 
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compression cuff to absorb oscillations, and a rigid body 
formed on the side of the measurement cuff to insulate 
oscillations. When the measurement cuff and the com- 
pression cuff are connected, the first oscillation insulat- 
ing means comprises a second oscillation insulating 
mechanism for insulating osciiiations transmitted in a 
connecting portion between the measurement cuff and 
the compression cuff. This second oscillation insulating 
mechanism comprises a tubule formed in at least a part 
of the connecting portion between the measurement 
cuff and the compression cuff. The second oscillation 
insulating mechanism comprises an air chamber formed 
in the connection portion between the measurement cuff 
and the compression cuff to damp air oscillations. 
[0025] The cuff further comprises second oscillation 
insulating means for preventing the transmission of os- 
cillations from the upstream side of a blood vessel to the 
compression cuff. This second oscillation insulating 
means comprises a cushioning material placed on that 
contact surface between the compression cuff and a 
portion to be measured, which is in a blood vessel up- 
stream portion of the measurement cuff. 
[0026] That is, to attenuate pulsewaves detected by 
the large cuff and transmitted from the large cuff to the 
small cuff, a raised cushioning material is formed inside 
the large cuff, and a raised cushioning material and a 
highly rigid backing made of a rigid plate are stacked 
between the small cuff and the large cuff. 
[0027] A portion of the large cuff located outside dur- 
ing blood pressure measurement is covered with a non- 
elastic material having a cut for reducing a dead volume 
is formed in the material. 

[0028] To detect the generated blood flow and deter- 
mine the systolic blood pressure : the sphygmomanom- 
eter comprises a peak detecting means formed inside 
the large cuff to detect peaks of a pulsewave component 
of a pressure signal detected by the small cuff, and de- 
termining means for detecting the generation of the 
blood flow and determining the systolic blood pressure 
by using a plurality of pieces of peak information per one 
pulsewave detected. 

[0029] The sphygmomanometer is characterized by 
further comprising a time measurement unit for meas- 
uring the time from the rise of the pulsewave (waveform) 
to the generation of the peaks detected by the peak de- 
tecting means, and a comparatorf or comparing the time 
measured by the time measurement unit with a prede- 
termined time, wherein the plurality of pieces of peak 
information are selected in accordance with an output 
from the comparator. 

[0030] This sphygmomanometer is characterized in 
that the blood pressure determining means determines 
the systolic blood pressure on the basis of a value ob- 
tained by comparing the peak values (magnitudes) and/ 
or the amplitude values (magnitudes) and/or the phase 
differences between a plurality of peaks detected by the 
peak detecting means. 

[0031] With the above arrangement, the small cuff 



can be placed on the blood stopped point of the large 
cuff. In determining the systolic blood pressure, the gen- 
eration point of a blood flow can be detected with high 
sensitivity. Also, not only the tubule but an air tank is 
s connected between the large cuff and the pressure sen- 
sor. 

Accordingly, the passing frequency band of a low-pass 
filter composed of the tubule and the air tank can be set 
at a low frequency. This makes it possible to attenuate 

10 those pulsewaves detected by the large cuff, which pre- 
vent the detection of blood flow generation by the small 
cuff. Furthermore, the transmission of pulsewaves de- 
tected by the large cuff to the small cuff is minimized by 
the raised cushioning material positioned on that side of 

15 the cuff, which is close to the heart, and by the cushion- 
ing material formed by stacking the raised cushioning 
material and the highly rigid backing made of a rigid 
plate between the small cuff and the large cuff. 
[0032] These components allow high-sensitivity de- 

20 tection of the resumption of a blood flow. In particular, it 
is possible to implement a sphygmomanometer im- 
proved in measurement ability when pulses are weak, 
such as when the patient has a serious illness. 
[0033] In detecting the generation of a blood flow with 

25 - this arrangement, to eliminate pulsation in the upper 
stream side of the cuff and accurately detect the blood 
flow generation point, the sphygmomanometer of the 
present invention detects at least two peaks generated 
when the blood flow passes through the cuff portion in 

30 synchronism with the heartbeat. The first peak is ob- 
served even when the cuff pressure is equal to or higher 
than the systolic blood pressure, i.e., even when the ar- 
tery is closed. Therefore, this first peak presumably in- 
dicates the state in which the blood flow generated by 

35 the heartbeat enters the upstream side of the portion 
where the artery is closed. When the pressure is grad- 
ually reduced from the state in which the artery is closed, 
the blood vessel is opened, and the blood starts flowing 
toward peripheral portions. In this state, the measure- 

40 ment cuff detects the second peak which lags behind 
the first peak described above. 

[0034] That is, since the measurement cuff is placed 
in substantially the center of the inside of the compres- 
sion cuff, it is possible to discriminate between the first 
45 peak generated by the influence of the upstream side of 
a portion where the artery is closed under the cuff, and 
the second peak generated when the blood again starts 
flowing. 

[0035] The sphygmomanometer of the present inven- 
so tion detects the above two peaks, detects the blood flow 
resumption point from changes in the peak values or 
phases of the peaks when the blood again starts flowing, 
and determines the cuff pressure at that resumption 
point as the systolic blood pressure. Therefore, the 
55 measurement principle is clearer and the reliability for 
measurement values is higher than the oscillometric 
method. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0036] 

Fig. 1 is a schematic view showing the arrangement s 
of a sphygmomanometer according to an embodi- 
ment of the present invention; 
Fig. 2 is a view showing the arrangement of a cuff 
according to the embodiment of the present inven- 
tion; io 
Fig. 3 is a longitudinal sectional view showing the 
state in which the cuff of the embodiment of the 
present invention is wound on the upper arm of an 
object to be examined; 

Fig. 4 is a view showing examples of oscillation 1$ 
waveforms detected by a pressure sensor 16; 
Fig. 5 is a block diagram of a section for determining 
the systolic blood pressure in this embodiment; 
Fig. 6 is a flow chart for explaining the operation of 
the sphygmomanometer of this embodiment; 20 
Fig. 7 is a graph showing a change in the pressure 
of a measurement cuff 1 2 of this embodiment; 
Fig. 8 is a view showing a change in the pressure 
of a measurement cuff 12 of the second embodi- 
ment; . - - , ' . .. y.' ■ ... 2 5 

Fig. 9 is a view showing the arrangement of a cuff 
of this embodiment; 

Fig. 10 is a longitudinal sectional view (a section in 
a direction in which the upper arm extends) viewed 
in a direction A of Fig. 1 , when the cuff of this em- so 
bodiment is wound on the upper arm; 
Fig. 11 is a cross-sectional view (a section of the 
upper arm) viewed in a direction B of Fig. 1, when 
the cuff of this embodiment is wound on the upper 
arm; 35 
Fig. 12 is a view showing the results of measure- 
ments of a oscillation wave pulse by the measure- 
ment cuff and the compression cuff of this embodi- 
ment; and 

Figs. 1 3A and 1 3B are graphs showing the compar- 40 
ison between a pulsewave measured by the meas- 
urement cuff of this embodiment and a conventional 
measurement result. 

DETAILED DESCRIPTION OF THE PREFERRED 45 
EMBODIMENTS 

[0037] To further clarify the gist of a sphygmomanom- 
eter based on the present invention, embodiments of the 
present invention will be described blow with reference so 
to the accompanying drawings. 

<Arrangement of Sphygmomanometer of This 
Embodiments 

55 

[0038] Fig. 1 is a schematic view showing the ar- 
rangement of a sphygmomanometer of this embodi- 
ment. 



[0039] In Fig. 1 , reference numeral 10 denotes a cuff 
having the arrangement of this embodiment; and 20, a 
measurement section which detects a blood pressure 
value from oscillations in the cuff internal pressure while 
controlling the pressure of the cuff 10. Details of the ar- 
rangement of the cuff 10 will be described later, so the 
arrangement of the measurement section 20 is de- 
scribed here. 

[0040] Reference numeral 21 denotes a pressurizing 
unit; and 22, a depressurizing unit. In a sphygmoma- 
nometer which performs measurement only during de- 
pressurization, the pressurizing unit 21 rapidly pressu- 
rizes to a pressure exceeding the systolic blood pres- 
sure value and, after this pressurization is stopped, the 
depressurizing unit 22 depressurizes at a constant rate 
of, e.g., 2 to 3 mmHg/sec, underthe control of a control- 
ler 24. A pressure measurement unit 23 receives an 
electrical signal from a pressure sensor (inside the cuff, 
not shown) of this embodiment, and outputs a digital 
pressure value to the controller 24. This pressure meas- 
urement unit 23 can also include circuits such as a low- 
pass filter or a peak holding circuit and output the am- 
plitude value of a oscillation waveform. 
[0041 ] The controller 24 comprises a CPU for control- 
ling arithmetic operations,., a. ROMistoring -control pro- 
grams and fixed parameters, and a working RAM for 
temporary storage. This controller 24 stores the output 
value from the pressure measurement unit 23 into the 
RAM in one-to-one correspondence with the current cuff 
pressure. The controller 24 determines the blood pres- 
sure value from the pattern of a change in this output 
value and displays the blood pressure value on a display 
unit 25. An operation unit 26 includes operation buttons 
such as a reset button and start button. 

<Arrangement of Cuff of This Embodiment 

[0042] Fig. 2 is a view showing the arrangement of the 
cuff 1 0 of this embodiment. 

[0043] In Fig. 2, reference numeral 11 denotes a com- 
pression cuff for pressing a blood vessel. This compres- 
sion cuff 1 1 must be of sufficient size to apply a sufficient 
blood stopping pressure to a portion to be measured 
(this compression cuff will also be called a compression 
large cuff). A measurement cuff 12 Is formed in a sub- 
stantially central portion of the compression cuff 11 to 
detect pressure pulsewave oscillations. This measure- 
ment cuff 12 must be as small as possible to decrease 
the attenuation of wave height caused by air in the cuff 
(this measurement cuff will also be called a measure- 
ment small cuff) . In the central portion of the compres- 
sion cuff 11 where the measurement cuff 12 is formed, 
a blood vessel is closed by pressure, and this closing 
pressure is a maximum. A fluid resistor (tubule) 1 4 and 
an air chamber (air tank) 15 function as an acoustic filter 
for reducing or insulating oscillation noise applied to the 
measurement cuff 12. In this embodiment, a 26-gage 
cannula is used as this fluid resistor 14, and the fluid 



5 



9 



EP 1 125 546 A1 



10 



resistor 14 is preferably positioned as close as possible 
to the measurement cuff 12. The air chamber 15 func- 
tions as a compliance component of the acoustic filter. 
A pressure sensor 16 detects the internal pressure of 
the measurement cuff 1 2. The measurement cuff 1 2 and 
this pressure sensor 16 are desirably connected by a 
tube having large rigidity. The sensor can also be placed 
inside the measurement cuff 12. 
[0044] Fig. 3 is a longitudinal sectional view (a section 
in a direction in which the upper arm extends) viewed in 
a direction A of Fig. 1 , when the cuff 10 of this embodi- 
ment is wound on an upper arm 31 . Referring to Fig. 3 t 
the compression cuff 1 1 is pressurized to close a blood 
vessel 32 at a point C, thereby stopping the blood flow 
from an upstream side 32a to a downstream side 32b. 
Reference numeral 43 denotes a backing made of a 
non-elastic rigid plate (e.g., plastic) for covering and fix- 
ing the outside of the compression cuff 11, in order to 
allow the pressure of the compression cuff 11 to effi- 
ciently function as a blood stopping pressure. To im- 
prove the adhesion between the upper arm and the 
backing 43 and thereby reduce a dead volume, a cut is 
desirably formed in the backing 43 in a direction sub- 
stantially perpendicular to the longitudinal direction of 
the cuff 10. 

[0045] As shown in Fig. 3, when the blood vessel at 
the point C is closed, no oscillations by arterial pulsation 
are transmitted to the downstream side of this point C 
because the blood flow is stopped. However, oscilla- 
tions by arterial pulsation are transmitted to the up- 
stream side of the point C and detected by the pressure 
sensor 16. 

[0046] When the compression cuff 1 1 is gradually de- 
pressurized from the blood stopped state shown in Fig. 
3, the blood vessel at the point C is opened, and the 
blood starts flowing in a direction toward peripheral por- 
tions. The upper waveform in Fig. 4 indicates a oscilla- 
tion waveform detected by the pressure sensor 1 6 when 
the blood starts flowing. First and second peaks A and 
B of this upper waveform in Fig. 4, detected by the meas- 
urement cuff 1 2, are generated by a change in the blood 
flow which passes through the cuff portion in synchro- 
nism with the heartbeat. In the sphygmomanometer 
having the measurement cuff inside the compression 
cuff as in the present invention, two peaks appear when 
the blood flow passes through the cuff portion in syn- 
chronism with the heartbeat. A third peak C is generated 
by reflection of the pressure pulsewave arriving at a pe- 
ripheral portion. Since this third peak C is not used in 
the present invention, the peak can also be processed 
by, e.g., filtering so as not to be detected. Reference 
symbol D denotes the start point of the rise of the pul- 
sation. 

[0047] The lower waveform in Fig. 4 is obtained by 
differentiating the upper oscillation waveform in Fig, 4, 
in order to detect the peak points. 
[0048] Fig. 5 is a block diagram showing a process for 
determining the systolic blood pressure in this embodi- 



ment. Referring to Fig. 5, an output signal from the pres- 
sure sensor 16 is subjected to amplification and noise 
discrimination by, e.g., a filter and amplifier, and A/D- 
converted by an A/D converter 51 . After that, the signal 

5 is output as a digital signal to a differentiator 52. This 
differentiator 52 differentiates the digital signal and out- 
puts the differentiated signal to a zero-crossing detector 
53. The zero-crossing detector 53 detects a point at 
which the output value from the differentiator is zero, 

10 and outputs the detected point to a rise start point de- 
tector 56. The rise start point detector 56 detects the 
rise start point D shown in Fig. 4, from the signal ob- 
tained by the differentiator 52. The zero-crossing detec- 
tor 53 sends the signal to a time measurement unit 54 

15 whenever detecting the point (zero-crossing point) at 
which the value is zero. The time measurement unit 54 
measures the time from the rise start point D to this zero- 
crossing point, and sends a signal to a comparator 55. 
The comparator 55 compares a presto red first predeter- 

20 mined time (range) with the time measured by the time 
measurement unit" 54. If the relationship between the 
measured time and the predetermined time falls within 
an allowable range, the comparator 55 sends a signal 
to a first peak detector 57. The first peak detector 57 

25 receives this signal and detects it as the first peak A 
shown in Fig. 4. If the comparison result obtained by the 
comparator 55 falls outside the predetermined time 
range, no detection is performed, and the next pulse- 
wave is detected. When a zero-crossing point at which 

30 the value changes from positive to negative is detected 
after the first peak A is detected, the comparator 55 com- 
pares the time from the first peak A to this zero-crossing 
point with a prestored second predetermined time 
(range). If the measured time falls within the predeter- 

35 mined time range, the comparator 55 sends a signal to 
a second peak detector 58. The second peak detector 
58 receives this signal and detects the second peak B 
shown in Fig. 4. If the comparison result obtained by the 
comparator 55 falls outside the predetermined time 

40 range, no detection is performed, and the next pulse- 
wave is detected. 

[0049] When the two peaks A and B are detected, the 
systolic blood pressure is determined by a peak value 
(magnitude) comparator 59 which compares the mag- 
45 nitude of the two peaks, and by a blood pressure deter- 
mination unit 60 which determines the systolic blood 
pressure on the basis of the data from the peak value 
comparator 59. 

[0050] Fig. 6 explains the operation of each unit in Fig. 

50 5 by a flow chart. In step S1 , whether the differential val- 
ue calculated by the differentiator 52 is equal to or larger 
than a threshold value is checked. If the differential val- 
ue is equal to or larger than the threshold value, the flow 
advances to step S2, and the data is stored by regarding 

55 this point as the rise start point D. In step S3, a point, at 
which the differential value is 0 after the rise start point 
is detected, is searched. If this point is found, the flow 
advances to step S4, and whether the point appears 
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within a predetermined time range from the rise start 
point is checked. If the point appears within the prede- 
termined time range, this peak is regarded as the first 
peak A shown in Fig. 4 and stored in step S5, and the 
height (the peak value) of the pulsewave at this first peak 
A is calculated from the original waveform. In step S6, 
a zero-crossing point at which the differential value 
changes from positive to negative after the first peak A 
is detected is searched for. In step S8, this point is stored 
as the second peak B, and the height (the peak value) 
of the pulsewave at that point is calculated from the orig- 
inal waveform. If no peak is detected during the prede- 
termined time after the first peak A is detected, it is de- 
termined in step S7 that the waveform does not have 
the second peak B, so the flow shifts to detection of the 
oscillation waveform of the next pulse. If both the first 
and second peaks are detected, the ratio of, the peak 
values of these two peaks are compared in step S9. If 
the ratio is equal to or larger than a threshold value, the 
cuff pressure at this time is saved as systolic blood pres- 
sure. If the ratio is smaller than the threshold value, it is 
determined that the cuff pressure is higher than the 
systolic blood pressure. Accordingly, the waveform of 
the next pulse is similarly processed in succession. 
. [0051 ] If it is determined in step S4 that the peak ap- 
pears outside the predetermined time range from the 
rise start point, the flow shifts to detection of the next 
heartbeat. 

<First Embodiment 

[0052] The upper waveform shown in Fig. 7 indicates 
a change in the pressure of the measurement cuff 12 
when the compression cuff 11 and the measurement 
cuff 12 are pressurized to the systolic blood pressure or 
higher and then gradually depressurized. The middle 
waveform in Fig. 7 is obtained through a filter having a 
time constant of 0.1 sec, in order to extract an AC com- 
ponent of the pressure change of the upper waveform 
in Fig. 7. The lower waveform In Fig. 7 is obtained by 
enlarging the waveform near a point A of the middle 
waveform in Fig. 7 in the direction of the abscissa (time 
axis). 

[0053] In the lower waveform in Fig. 7, two peaks ap- 
pear in the rising portion of a oscillation waveform of 
each pulse. The first peak is the peak A in Fig. 4, which 
is transmitted via the compression cuff 11 . The second 
peak is the peak B in Fig. 4. Let a n (n = 1 , 2, 3, ...) be 
the height from the rise start point of the peak A and b n 
be the height of the peak B, the height a n of the peak A 
changes little around the point A. On the other hand, the 
height b n of the peak B becomes larger than that of the 
peak A after the point A, indicating that the amplitude 
increases as depressurization progresses. This shows 
that the stopped blood flow again starts flowing at the 
point A, so the cuff pressure at that point can be regard- 
ed as the systolic blood pressure. Accordingly, the 
systolic blood pressure can be detected by setting a 



threshold value for a ratio b n /a n of the height of the peak 
B to the height of the peak A and detecting a point at 
which this ratio exceeds the threshold value. 
[0054] In this embodiment, oscillations of the artery 

5 wall are detected by using an AC component of the 
change in the internal pressure of the measurement cuff 
12. To detect a oscillation, however, it is also possible 
to use a method of detecting a change in the arm cir- 
cumference of a blood stopped portion by using a strain 

10 gage, or a method of detecting a change in the volume 
of a blood stopped portion by using an impedance meth- 
od. 

<Second Embodiment 

15 

[0055] In the above first embodiment, the pressure of 
the measurement cuff 12 is measured while the meas- 
urement cuff 12 is gradually depressurized after being 
pressurized so that the artery is closed. In this second 

20 embodiment, however, the systolic blood pressure is 
calculated by measuring the pressure of the measure- 
ment cuff 12 during pressurization. The upper waveform 
in Fig. 8 shows a change in the pressure of the meas- 
urement cuff 1 2 when the cuffs 1 1 and 1 2 are gradually ' 

25 pressurized. The middle waveform- in Fig. 8 is -obtained ~ 
through a filter having a time constant of 0.1 sec, in order 
to extract an AC component of the pressure change of 
the upper waveform in Fig. 8. The lower waveform in 
Fig. 8 is obtained by enlarging the waveform pear a point 

30 A' of the middle waveform in Fig. 8 in the direction of the 
abscissa (time axis). 

[0056] In the lower waveform in Fig. 8, two peaks ap- 
pear in the rising portion of a oscillation waveform of 
each pulse. The first peak is the peak A in Fig. 4, and 

35 the second peak is the peak B in Fig. 4. Letting a' n (n = 
1, 2, 3,...) be the height from the rise start point of the 
peak A and b' be the height of the peak B, the height a' n 
of the peak A changes little around the point A' . On the 
other hand, the height b' n of the peak B abruptly de- 

40 creases after the point A', indicating that the amplitude 
decreases as depressurization progresses. This shows 
that the artery is closed and the blood flow is stopped at 
the point A*, so the cuff pressure at that point can be 
regarded as the systolic blood pressure. Accordingly, 

45 the systolic blood pressure can be detected by setting 
a threshold value for a ratio bya'^of the height of the 
peak B to the height of the peak A and detecting a point 
at which this ratio becomes smaller than the threshold 
value. 

so [0057] In this embodiment, the peak value is calculat- 
ed as a height to the peak by regarding a reference point 
of the peak value as the rise start point. However, any 
arbitrary peak value calculation method can be used as 
long as the method is not contradictory to the gist of the 

55 present invention. The peak detection method can also 
be any arbitrary method. Furthermore, although the ratio 
of the wave height of the second peak to the wave height 
of the first peak is used in this embodiment, some other 
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comparison methods (e.g., a method using a phase dif- 
ference) are also usable. 

[0058] As described above, this embodiment uses a 
plurality of peaks generated when the blood flow passes 
through the cuff portion in synchronism with contraction s 
of the heart. Accordingly, it is possible to provide a 
sphygmomanometer having a systolic blood pressure 
determination method which is clear and accurate in 
principle and which reduces the burden on a patient. 

10 

<Arrangement of Improved Cuff of This Embodiment 

[0059] Fig. 9 is a view showing the arrangement of an 
improved cuff 10 of this embodiment. The same refer- 
ence numerals as in Figs. 2 and 3 denote components is 
having the same functions in Fig. 9. 
[0060] Referring to Fig. 9, a compression cuff 11 for 
pressing the artery must be of a size large enough to 
apply a sufficient blood stopping pressure to a portion 
to be measured. A measurement cuff 12 for detecting 20 
oscillation pulsewaves must be as small as possible to 
decrease the absorption of oscillation pulsewaves. A 
cushioning material 1 3 prevents the transmission of os- 
cillations from the upstream side of a blood vessel to the 
compression cuff as will be described later. A tubule 14 * 25 
functions as an acoustic filter for shielding the measure- 
ment cuff 12 from oscillations of the compression cuff 
1 1 , a pressurizing unit 21 , and a depressurizing unit 22. 
In this embodiment, a 26-gage cannula is used. This fil- 
ter 14 is preferably positioned as close as possible to 30 
the measurement cuff 12. Reference numeral 15 de- 
notes a cuff for children, as an example of an air cham- 
ber which functions as a damper for absorbing oscilla- 
tions of the compression cuff 11, the pressurizing unit 
21 , and the depressurizing unit 22. A pressure sensor 35 
16 detects the internal pressure of the measurement 
cuff 1 2. The measurement cuff 1 2 and this pressure sen- 
sor 16 are desirably connected by a non-elastic tube. 
The sensor can also be placed inside the cuff. 
[0061] Fig. 10 is a longitudinal sectional view (a sec- 40 
tion in a direction in which the upper arm extends) 
viewed in the direction A of Rg. 1 , when the cuff 10 of 
this embodiment is wound on an upper arm 31 . Refer- 
ring to Fig. 10, the compression cuff 11 is pressurized 
to close a blood vessel 32 at a point C, thereby stopping 45 
the blood flow from an upstream side 32a to a down- 
stream side 32b. 

[0062] As shown in Fig. 1 0, when the blood vessel at 
the point C is closed, no oscillations by arterial pulsation 
are transmitted to the downstream side of this point C so 
because the blood flow is stopped. However, oscilla- 
tions by arterial pulsation cannot be suppressed on the 
upstream side of the point C. To prevent these oscilla- 
tions on the upstream side from being picked up by the 
compression cuff 11 and transmitted to the measure- 55 
ment cuff 12, it is necessary to provide means for pre- 
venting the transmission of the oscillations by arterial 
pulsation on the upstream side to the measurement cuff 



12, such as the cushioning material 13, the air chamber 
1 5, the tubule 1 4, and an aluminum plate 41 , as shown 
in Fig. 9. 

[0063] Each component for preventing the transmis- 
sion of the oscillations by arterial pulsation on the up- 
stream side to the measurement cuff 12 will be de- 
scribed in detail below. 

[0064] Reference numeral 13 denotes a cushioning 
material, which is also shown in Fig. 9, for preventing 
the transmission of the oscillations from the upstream 
side of the artery to the compression cuff. "Velcro" or the 
like is suitable as the material. Reference numeral 41 
denotes a oscillation shielding member for shielding the 
measurement cuff 12 from oscillations of the compres- 
sion buff 11 , the pressurizing unit 21 , and the depressu- 
rizing unit 22, in cooperation with the tubule 14 and the 
air chamber 15. This oscillation shielding member 41 in- 
cludes a rigid body or a rigid plate such as an aluminum 
plate. Reference numeral 43 denotes a non-elastic rigid 
plate (e.g., plastic) for covering and fixing the outside of 
the compression cuff 11 , in order to allow the pressure 
of the compression cuff 11 to efficiently function as a 
blood stopping pressure. This outer plastic fits on the 
arm regardless of the arm shape because the plastic 
has a certain degree of freedom in the circumferential 
direction of the arm but has a limited degree of freedom 
in the longitudinal direction of the arm. To reduce a dead 
volume between the arm and the plastic, a cut is desir- 
ably formed in the plastic in a direction substantially per- 
pendicular to the longitudinal direction of the cuff 10. 
[0065] Fig. 11 is a cross-sectional view (a section of 
the upper arm) viewed in the direction B of Fig. 1 , when 
the cuff 1 0 of this embodiment is wound on the upper 
arm 31. The compression cuff 11 is not shown in Fig, 
11. Physical insulation between the measurement cuff 
1 2 and the compression cuff 1 1 will be described in more 
detail below with reference to Fig. 11 . 
[0066] Rubber 12a forms the measurement cuff 12. 
An aluminum plate which is a rigid body and insulates 
oscillations is formed along the outside of this rubber 
12a. A damper 42 is formed outside this aluminum plate 
so as to cover the measurement cuff 12. An aluminum 
plate is preferably used as the rigid body 41 , and a rub- 
ber plate is preferably used as the damper 42. 
[0067] In this embodiment as described above, the 
measurement cuff is formed In a portion where the blood 
flow is stopped by the compression cuff, so accurate os- 
cillation patterns can be obtained. In addition, the trans- 
mission of oscillations on the upstream side of the cuff 
to the compression cuff is prevented, and noise from the 
compression cuff, the pressurizing unit 21 , and the de- 
pressurizing unit 22 to the measurement cuff is insulat- 
ed. Therefore, large pulsewave oscillations of the artery 
in the cuff central portion can be detected. 
[0068] The use of this measurement value allows ac- 
curate blood pressure value measurement. 
[0069] That is, blood pressure values can be deter- 
mined by a simple algorithm (e.g., a pressure higher 
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than the systolic blood pressure is applied and, while 
this pressure is lowered, the blood pressure when the 
amplitude abruptly increases is detected as the systolic 
blood pressure, and the blood pressure when the am- 
plitude abruptly decreases is detected as the diastolic 5 
blood pressure). 

[0070] It is also possible to measure the amplitudes 
of both the compression cuff and the measurement cuff 
and detect the blood pressure when (the amplitude of 
measurement cuff/the amplitude of the compression 
cuff) abruptly increases as the systolic blood pressure 
and the blood pressure when this ratio abruptly decreas- 
es as the diastolic blood pressure. 
[0071 ] Additionally, this sphygmomanometer can also 
be used as a plethysmograph because the frequency 
characteristics are excellent as shown in Fig. 13A to be 
described later, it is also possible to use this sphyg- 
momanometer to analyze the properties of a blood ves- 
sel by using the waveform of a pulsewave and as a con- 
tinuous blood pressure monitor. 

[0072] in this embodiment, compared to the conven- 
tional methods, only pulsation in the cuff central portion 
is detected, and high frequency components of pulse- 
waves can be accurately detected. This facilitates de- 
termination of the start point (systolic blood pressure) of 
pulsation orthe point (diastolic blood pressure) at which 
pulsation abruptly decreases. This can increase the de- 
tection accuracy. 

[0073] Also, the use of the small cuff permits detection 
of high frequency components of pulsewaves, com- 
pared to the conventional methods. This indicates that 
the properties, e.g., the hardness of a blood vessel can 
be determined by simultaneously measuring the blood 
pressure and the pulsewaveform. 
[0074] As described above, the cuff and the sphyg- 
momanometer manufactured by the above arrange- 
ments have the characteristics: (1) oscillations by arte- 
rial pulsation on the upstream side of the cuff are insu- 
lated; and (2) the small measurement cuff improves the 
frequency characteristics of pulsewaveforms. To clarify 
these characteristics, Figs. 12, 13 A, and 13B show the 
results of measurements of pulsewave oscillations per- 
formed using this cuff. 

[0075] The upper wavef orm in Fig. 1 2 is detected from 
the measurement cuff, and the middle waveform in Fig. 
12 Is detected from the compression cuff. Each wave- 
form is obtained by extracting an AC component of a 
pressure change. The lower waveform in Fig. 12 indi- 
cates a change in the pressure of the measurement cuff. 
[0076] As shown in Fig, 12, a pulsewave oscillation 
having neither distortion nor decay in the waveform and 
having a large amplitude can be obtained from the 
measurement cuff. This facilitates determination of the 
systolic blood pressure and the diastolic blood pressure, 
and makes measurements of accurate blood pressure 
values feasible. 

[0077] Figs. 13A and 13B are graphs showing the 
pulsewave measurement results when the cuff pressure 



near the diastolic blood pressure value is kept constant. 
Fig. 1 3A shows a waveform detected from the measure- 
ment cuff of this embodiment. Fig. 13B shows a wave- 
form detected by one large cuff of a conventional sphyg- 
momanometer. 

[0078] As shown in Figs. 13A and 13B, the pulsewave 
detected by the measurement cuff of this embodiment 
has neither distortion nor decay in its waveform and has 
a large amplitude, indicating good frequency character- 
istics. 

Hence, this sphygmomanometer can be used as a 
plethysmograph, used to analyze the properties of a 
blood vessel by using the waveform of a pulsewave, or 
used as a continuous blood pressure monitor. 
[0079] With this structure of the cuff of this embodi- 
ment, it is possible to provide a sphygmomanometer 
and Its cuff capable of preventing easy diffusion of 
pulsewave oscillations by the use of a compression cuff 
and measurement cuff, and also capable of measuring 
an accurate blood pressure value by aligning a meas- 
urement portion with a blood stopped portion by placing 
the measurement cuff in a cuff central portion where the 
pressing force of the large compression cuff is large. 
[0080] Furthermore, it is possible to provide; a sphyg- 
. momanometer and its cuff . capable of measuring, an ac- 
curate blood pressure value by insulating oscillations 
caused by arterial pulsation, which, even though the 
blood flow in a central portion is stopped, are transmitted 
to a measurement cuff from the outside, particularly 
from a cuff upstream portion where the pressing force 
of a compression cuff is small. 

[0081] Preferred embodiments of the present inven- 
tion have been described above. However, the present 
invention is not limited to the above embodiments, and 
various changes, additions, and modifications can be 
made within the scope described in the appended 
claims. 



Claims 

1. A sphygmomanometer characterized by compris- 
ing: 

a compression cuff for pressing an artery of a 
person to be examined; 

oscillation detecting means formed inside said 
compression cuff and set in close contact with 
a portion to be measured to detect oscillations 
of the artery wall caused by arterial pulsation 
when the cuff pressure changes; 
peak detecting means for detecting a peak of 
the oscillations from a oscillation signal detect- 
ed by said oscillation detecting means; and 
blood pressure determining means for deter- 
mining the systolic blood pressure by using plu- 
rality pieces of peak information detected by 
said peak detecting means. 
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The sphygmomanometer according to claim 1 , 
characterized in that said oscillation detecting 
means is a measurement cuff so formed as to be 
covered by said compression cuff to measure a 
pressure pulsewave. 5 

The sphygmomanometer according to claim 2, 
characterized in that said measurement cuff is 
formed in substantially the center of said compres- 
sion cuff. 10 

The sphygmomanometer according to any one of 
claims 1 to 3, characterized by further comprising: 

a time measurement unit for measuring time 15 
from the rise of the oscillation to the generation 
of the peak detected by said peak detecting 
means; and 

a comparator for comparing the time measured 

by said time measurement unit with a predeter- 20 

mined time, 

wherein said plurality of pieces of peak infor- 
mation are selected in accordance with an out- 
put from said comparator. 

25 

The sphygmomanometer according to any one of 
claims 1 to 4, characterized in that said blood pres- 
sure determining means determines the systolic 
blood pressure on the basis of a value obtained by 
comparing the peak values and/or the amplitude 30 
values and/or the phase differences between a plu- 
rality of peaks detected by said peak detecting 
means. 

A sphygmomanometer which comprises a cuff and 35 
which measures a blood pressure on the basis of a 
change in oscillation of the artery wall caused by 
arterial pulsation when the cuff pressure changes, 
characterized in that 

40 

said cuff comprises: 

a compression cuff for pressing a blood 
vessel; and 

a measurement cuff which is placed in sub- 45 
stantially the center of said compression 
cuff in a direction in which a blood vessel 
to be pressed by said compression cuff 
runs, and which measures the pulsation, 
and 50 

said measurement cuff is smaller than said 
compression cuff and, when blood pressure is 
to be measured, said measurement cuff is cov- 
ered with said compression cuff so that said 55 
measurement cuff comes in close contact with 
a portion to be measured. 



7. The sphygmomanometer according to claim 6, 
characterized by comprising first oscillation insulat- 
ing means for preventing the transmission of oscil- 
lations from said compression cuff to said measure- 
ment cuff. 

8. The sphygmomanometer according to claim 7, 
characterized in that said first oscillation insulating 
means comprises a first oscillation insulating mech- 
anism formed on the contact surface between said 
measurement cuff and said compression cuff. 

9. The sphygmomanometer according to claim 8, 
characterized in that said first oscillation insulating 
mechanism comprises a cushioning material 
formed on the side of said compression cuff to ab- 
sorb oscillations, and a rigid body formed on the 
side of said measurement cuff to insulate oscilla- 
tions. 

10. The sphygmomanometer according to any one of 
claims 7 to 9, characterized in that when said meas- 
urement cuff and said compression cuff are con- 
nected, said first oscillation insulating means com- 
prises a second oscillation insulating mechanism 
for insulating oscillations transmitted in a connect- 
ing portion between said measurement cuff and 
said compression cuff. 

11. The sphygmomanometer according to claim 10, 
characterized in that said second oscillation insu- 
lating mechanism comprises a tubule formed in at 
least a part of said connecting portion between said 
measurement cuff and said compression cuff. 

12. The sphygmomanometer according to claim 10, 
characterized in that said second oscillation insu- 
lating mechanism comprises an air chamber formed 
in said connection portion between said measure- 
ment cuff and said compression cuff to damp air os- 
cillations. 

13. The sphygmomanometer according to any one of 
claims 6 to 12, characterized by further comprising 
second oscillation insulating means for preventing 
the transmission of oscillations from the upstream 
side of a blood vessel to said compression cuff. 

14. The sphygmomanometer according to claim 13, 
characterized in that said second oscillation insu- 
lating means comprises a cushioning material 
placed on that contact surface between said com- 
pression cuff and a portion to be measured, which 
is in a blood vessel upstream portion of said meas- 
urement cuff. 

15. The sphygmomanometer according to any one of 
claims 6 to 14, characterized in that said measure- 
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ment cuff and a measurement sensor are connect- 
ed by a tube having low elasticity.- 

16. The sphygmomanometer according to any one of 
claims 6 to 1 4, characterized in that a measurement 5 
sensor is placed inside said measurement cuff. 

17. The sphygmomanometer according to any one of 
claims 6 to 1 6, characterized in that a portion of said 
compression cuff outside during blood pressure 10 
measurement is covered with a non-elastic materi- 
al, and a cut for reducing a dead volume when said 
compression cuff is wound on a portion to be meas- 
ured is formed in said material. 

15 

18. The sphygmomanometer according to claim 6, 
characterized by further comprising peak detecting 
means for detecting a peak of a oscillation signal 
detected by oscillation detecting means, and blood 
pressure determining means for determining the 20 
systolic blood pressure by using a plurality of pieces 

of peak information detected by said peak detecting 
means. 

19. The:sphygmomanometer according to claim. 18, 25 
characterized by further comprising a time meas- 
urement unit for measuring time from the rise of the 
oscillation to the generation of the peak detected by 
said peak detecting means, and a comparator for 
comparing the time measured by said time meas- 30 
urement unit with a predetermined time, wherein 
said plurality of pieces of peak information are se- 
lected in accordance with an output from said com- 
parator. 

35 

20. The sphygmomanometer according to claim 18, 
characterized in that said blood pressure determin- 
ing means determines the systolic blood pressure 
on the basis of a value obtained by comparing the 
peak values and/or the amplitude values and/or the *o 
phase differences between a plurality of peaks de- 
tected by said peak detecting means. 

21. A cuff of a sphygmomanometer which measures 
blood pressure on the basis of a change in oscilla- 45 
tion of the artery wall caused by arterial pulsation 
when the cuff pressure changes, characterized by 
comprising: 

a compression cuff for pressing a blood vessel; so 
and 

a measurement cuff placed in substantially the 
center of said compression cuff in a direction in 
which a blood vessel to be pressed by said 
compression cuff runs, and which measures 55 
the pulsation. 

22. The cuff according to claim 21 , characterized by fur- 



ther comprising first oscillation insulating means for 
preventing the transmission of oscillations from said 
compression cuff to said measurement cuff. 

23. The cuff according to claim 22, characterized in that 
said first oscillation insulating means comprises a 
first oscillation insulating mechanism formed on the 
contact surface between said measurement cuff 
and said compression cuff. 

24. The cuff according to claim 23, characterized in that 
said first oscillation insulating mechanism compris- 
es a cushioning material formed on the side of said 
compression cuff to absorb oscillations, and a rigid 
body formed on the side of said measurement cuff 
to insulate oscillations. 

25. The cuff according to any one of claims 22 to 24, 
characterized in that when said measurement cuff 
and said compression cuff are connected, said first 
oscillation insulating means comprises a second 
oscillation insulating mechanism for insulating os- 
cillations transmitted in a connecting portion be- 
tween said measurement cuff and said compres- 

. . sion.cuff.^. . v. ...»...»:.*-. ._"-:; r _ - 

26. The cuff according to claim 25, characterized in that 
said second oscillation insulating mechanism com- 
prises a tubule formed in at least a part of said con- 
necting portion between said measurement cuff and 
said compression cuff. 

27. The cuff according to claim 25, characterized in that 
said second oscillation insulating mechanism com- 
prises an air chamber formed in said connection 
portion between said measurement cuff and said 
compression cuff to damp air oscillations. 

28. The cuff according to any one of claims 21 to 27, 
characterized by further comprising second oscilla- 
tion insulating means for preventing the transmis- 
sion of oscillations from the upstream side of a 
blood vessel to said compression cuff. 

29. The cuff according to claim 28, characterized in that 
said second oscillation insulating means comprises 
a cushioning material placed on that contact sur- 
face between said compression cuff and a portion 
to be measured, which is in a blood vessel upstream 
portion of said measurement cuff. 

30. The cuff according to any one of claims 21 to 29, 
characterized in that said measurement cuff and a 
measurement sensor are connected by a tube hav- 
ing small elasticity. 

31. The cuff according to any one of claims 21 to 29, 
characterized in that a measurement sensor is 
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placed inside said measurement cuff. 

32. The cuff according to any one of claims 21 to 31 , 
characterized in that a portion of said compression 
cuff, which is outside during blood pressure meas- s 
urement is covered with a non-elastic material, and 
a cut for reducing a dead volume when said com- 
pression cuff is wound on a portion to be measured 
is formed in said material. 
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